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Definition of GPDs and TMDs

• GPDs

– Appear in QCD-description of hard exclusive reactions (DVCS, HEMP)

– Kinematics
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• TMDs

– Appear in QCD-description of hard semi-inclusive reactions (SIDIS, DY)

– Kinematics
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→ Sivers function f⊥
1T describes strength of (dipole) distortion of TMD correlator
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• Leading twist parton distributions of the nucleon
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Parameterization of GTMDs

• GTMD-correlator
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• Projection onto GPDs and TMDs
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→ GPDs and TMDs appear as certain limits of GTMDs (mother distributions)



• Parameterization of GTMD-correlator (Meißner, Metz, Schlegel, 2009)

– Use constraints from hermiticity and parity

– Eliminate redundant terms by means of Gordon identities, etc.
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– Parameterization for all twists

– By-product: first full classification of GPDs beyond leading twist

– Relations between GPDs/TMDs and GTMDs worked out

– Leading twist GTMDs computed in scalar diquark model



Wigner distributions

• Phase-space distribution in classical mechanics ρ(~k, ~r)

• Phase-space distribution in quantum mechanics (Wigner distribution) W (~k, ~r)

– Relation to probability density in position and momentum space
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• Fourier transform of GTMDs (ξ = 0) (Ji, 2003 / Belitsky, Ji, Yuan, 2003)
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– ~bT and ~kT are not Fourier conjugate variables



Impact parameter representation of GPDs

• Fourier transform of GPD-correlator (ξ = 0) (Burkardt, 2000)
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• Distortion of GPD-correlator in impact parameter space
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• Relation between distortion and Sivers effect (Burkardt, 2002)

(Not obvious because, a priori, QCD-description of, e.g., SIDIS not related to

GPD-correlator in bT -space)

– Quantitative nontrivial relation in spectator model (Burkardt, Hwang, 2003)
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– Interpretation

Sivers effect = Distortion ⊗ FSI
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– Prediction

f
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1T ∼ − 0.8 f
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1T < 0

→ relative (but not absolute) sign also from large Nc-analysis (Pobylitsa, 2003)

→ extraction of ∆Nf = −
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→ nice agreement between qualitative picture and extraction

→ agreement with large Nc-analysis and qualitative picture supports interpretation
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– Sign reversal of the Sivers function (Collins, 2002)
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→ sign reversal provided in qualitative picture:

lensing function Iq changes sign (attractive vs repulsive interaction)

– Higher order contributions spoil relation (Meißner, Metz, Goeke, 2007)
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– Spectator model: neglecting relation-breaking higher order graphs, making certain

kinematical approximation, and introducing IR-regulator, provides to all orders

Sivers effect = Distortion ⊗ FSI

(Gamberg, Schlegel, 2009)



Comparing GPD- and TMD-correlator

• Additional relations by comparing GPD-correlator with TMD-correlator

(Diehl, Hägler, 2005)
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• Relations of first type
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• Some consequences

– Relation for Boer-Mulders function h⊥q
1 expected to match with the one for f⊥q
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(Burkardt, 2005 / Meißner, Metz, Goeke, 2007)

→ information on chiral odd GPDs (Pasquini, Pincetti, Boffi, 2005 / QCDSF, 2007)

→ implies: h
⊥u/p
1 < 0 h
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1 < 0

→ agrees, e.g., with spectator model calculations

(Gamberg, Goldstein, Schlegel, 2007 / Bacchetta, Conti, Radici, 2008 / etc.)

– Relation for h⊥q
1T expected to be different



Model results, continued

• Scalar diquark spectator model of the nucleon
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• Quark target model in QCD
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• Moments of GPDs and TMDs
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• Relations of third type
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– No immediate evidence for breakdown of relations of third type

• Relation of fourth type
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GTMDs and nontrivial GPD-TMD relations

• Relate GPDs/TMDs to mother distributions (GTMDs)

• Which GPDs and TMDs have the same mother distributions ?

• Implications for potential nontrivial relations

– Relations of second type
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– Relation of third type
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Further developments/applications of GTMDs

• Overlap representation of GTMDs in terms of light-front wave functions

(Lorcè, Pasquini, Vanderhaeghen, 2010)

• GTMDs (and Wigner distributions) have been computed in models

– Quark models

(Lorcè, Pasquini, Vanderhaeghen, 2010, 2011)

– Spectator-type model

(Müller, DIS2011)

• GTMDs may be used to estimate certain higher twist contributions

to DVCS and HEMP

• GTMDs for gluons have already been used to describe exclusive diffractive

processes in the high energy limit

(e.g., Martin, Ryskin, Teubner, 1999 / Khoze, Martin, Ryskin, 2000)



Summary

• Classification of Generalized TMDs (and Wigner distributions) for nucleon exists

• GTMD analysis can be applied to study potential nontrivial GPD-TMD relations

• Various quantitative nontrivial GPD-TMD relations in simple spectator models

• GTMD analysis: none of those relations can have model-independent status

(analysis also for subleading twist)

• Additional developments and further applications


